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Earlier studies were concerned with the effect of basis weight and
degree of refining of kraft handsheets with respect to those properties which
are of primary importance to top-to-bottom compression strength. The present
study extends the work to handsheets which are of commercially significant
basis weight. In addition the, effects of two beater additives (guar and
polyethyleneimine) were studied.
The scope of the study was as follows: three-ply (wet-laminated)
handsheets were made up in five basis weights (33, 42, 51, 69, and 90-lb./1000
sq. ft.) at three freeness levels (700, 600 and 500 cc.); 42-lb. sheets were
made also at 400 and 300 cc. freeness. Single-ply sheets were formed in the
42-lb. weight at 600 cc. to enable comparison of single- and multi-ply sheets.
Additional 42-lb. sheets were formed at 600 cc. with varying percentages of
guar and polyethyleneimine (0.25, 0.75 and 1.25% by weight) to determine the
effect of these beater additives on the strength properties of interest. The






Modulus of elasticity, E
Taber stiffness
Z-direction tensile strength
Instron tensile strength and stretch
Project 1108-4
The above named test properties are shown in Table I for each experi-
mental condition. The effects of basis weight and degree of refining are shown
graphically in Figures 1 to 8 and 10 to 12. The curves in these figures were
fitted visually. Among the conclusions which may be drawn from these data are
the following:
1. Modified ring compression, extensional stiffness and caliper are
approximately proportional to basis weight at a given degree of refining.
2. Modulus of elasticity is sensibly independent of basis weight.
3. Taber stiffness increases non-linearly with basis weight, mainly
because stiffness.depends on the cube of the caliper.
4. An increase in degree of refining in the range of 700 to 500 cc.
freeness increased modified ring compression, extensional stiffness, modulus of
elasticity, and Z-direction tensile strength. Taber stiffness decreased with
increased refining because of reduction in thickness.
5. In general, the properties of the single-ply handsheets were at
about the same level as the corresponding three-ply sheets. A notable excep-
tion was the higher Z-direction tensile strength of the single-ply sheets, which
appears to be reflected in the slightly higher modified, ring compression strength.
Several interrelationships between the abovementioned mechanical
properties are shown graphically in Figures 9 and 13 to 15.
The effects of guar and polyethyleneimine (PEI) additives on the
strength and stiffness properties of the handsheets are shown in Table II. The
maximum improvement in modified ring compression was achieved with 0.75% concen-
tration for both additives, giving 17% increase in edgewise compression in the
case of PEI and 10% with guar. Modulus of elasticity and extensional stiffness
were increased only modestly by these additives. Bonding was markedly improved
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Figure 15.

